The synthesis and structural characterization of the molecular compound ( 3 -benzene-1,2-dithiolato)hexacarbonylbis( 3 -1,1,1,4,4,4-hexafluorobut-2-ene-2,3-dithiolato)tricobaltmolybdenum, [Co 3 Mo(C 4 F 6 S 2 ) 2 (C 6 H 4 S 2 )(CO) 6 ] or Mo(tfd) 2 -(bdt)(Co(CO) 2 ) 3 (tfd is 1,1,1,4,4,4-hexafluorobut-2-ene-2,3-dithiolate and bdt is benzene-1,2-dithiolate), are reported. The structure of the molecule contains the molybdenum tris(dithiolene) complex Mo(tfd) 2 (bdt) coordinated as a multidentate ligand to three cobalt dicarbonyl units. Each of the three cobalt centers is relatively close to molybdenum, with CoÁ Á ÁMo distances of 2.7224 (7), 2.8058 (7), and 2.6320 (6) Å . Additionally, each of the cobalt centers is bound via main-group donor atoms, but each one in a different way: the first cobalt atom is coordinated by two sulfur atoms from different dithiolenes (bdt and tfd). The second cobalt atom is coordinated by one sulfur from one tfd and two olefinic carbons from another tfd. The third cobalt is coordinated by one sulfur from bdt and two sulfurs from tfd. This is, to the best of our knowledge, the first structurally characterized example of a molybdenum (tris)dithiolene complex that coordinates to cobalt. The F atoms of two of the -CF 3 groups were refined as disordered over two sets of sites with ratios of refined occupancies of 0.703 (7):0.297 (7) and 0.72 (2):0.28 (2).
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Chemical context
Sulfur removal from crude petroleum is performed on a large industrial scale through a process called hydrodesulfurization. This involves use of hydrogen gas (the sulfur is removed as H 2 S) and addition of a catalyst, typically cobalt-doped MoS 2 (Hinnemann et al., 2008) . MoS 2 is not a molecular compound but rather possesses an extended structure, consisting of closepacked sulfur layers between which molybdenum is sandwiched (Dickinson & Pauling, 1923) . The coordination geometry around molybdenum is trigonal prismatic. Several attempts to model MoS 2 using molecular compounds have been made, often using dithiolene (S 2 C 2 R 2 ) ligands, where some examples also contain the hydrodesulfurization-relevant addition of cobalt. Complexes containing molybdenum, cobalt, and one or two (but not three) dithiolenes are known. A molybdenum bis(dithiolene) that coordinates to two cobalt centers has been characterized crystallographically (Nihei et al., 1999; Murata et al., 2006) . The study reports [Mo(bdt) 2 (-CO) 2 (CpCo) 2 ], where bdt = o-C 6 H 4 S 2 and Cp = cyclo-C 5 H 5 . The methylated analog [Mo(bdt) 2 (CO) 2 (Cp*Co) 2 ], where Cp* = cyclo-C 5 Me 5 was also structurally characterized (Muratsugu et al., 2011 ). An analogous [Mo(ddds) 2 (CO) 2 (CpCo) 2 ] was reported by a different group, where ddds is the unusual di-thiolene 1,2-dicarba-closo-dodecaborane-1,2-disulfide (Chen et al., 2007) . The above contribution also reported a molybdenum mono(dithiolene) complex coordinated to a cobalt fragment, namely [Mo(ddds)(CO) 2 (py) 2 (Cp*Co)], where py = pyridine. Coordinating to cobalt a molybdenum tris(dithioene), that is a compound where three dithiolenes are bound to molybdenum, would be interesting, because molybdenum tris(dithiolene)s mimic MoS 2 particularly well. Similar to MoS 2 , they contain molybdenum coordinated to six sulfur atoms, and, also, depending on the oxidation state of the compound, the environment of molybdenum can sometimes be trigonal prismatic (Beswick et al., 2004) . However, we could not find any structurally characterized example for how a molybdenum tris(dithiolene) complex can act as ligand for cobalt. Such an example is provided here. In 2007, the mixed dithiolene complex Mo(tfd) 2 (bdt) [tfd = S 2 C 2 (CF 3 ) 2 ], an unsymmetrical tris(dithiolene), was reported for the first time (Harrison et al., 2007) . Later, this complex, which contains two different dithiolenes, was used to create structural models for the active sites of MoS 2 hydrodesulfurization catalysts, albeit cobalt-free ones (Nguyen et al., 2010) . In this current work, we have successfully linked three cobalt centers to one Mo(tfd) 2 (bdt) molecule. Surprisingly, each of the three cobaltcontaining units [each one is a Co(CO) 2 fragment] is bound to the molybdenum tris(dithiolene) center in a different way.
Structural commentary
An anisotropic displacement plot showing the structure of the Mo(tfd) 2 (bdt)(Co(CO) 2 ) 3 molecule is shown in Fig. 1 . A good starting point for the structural description is considering the core Mo(tfd) 2 (bdt) substructure first. Molybdenum is coordinated by six sulfur atoms, four from the two tfd ligands, two from the one bdt ligand. The Mo-S distances are fairly normal, ranging from 2.413 (1) Å (Mo1-S5) to 2.457 (1) Å (Mo1-S4). The appearance of the structure is 'approximately octahedral'. A more quantitative measure is obtained using the X-M-X trans criterion (Beswick et al., 2004; Nguyen et al., 2010) , which indicates that the geometry around molybdenum is 71% octahedral (29% trigonal prismatic). The intra-ring C-C distance in the tfd ligand that is not -coordinated to cobalt (C5-C6) is 1.335 (6) Å , indicating that description as an ene-dithiolate is appropriate (Hosking et al., 2009) . The intra-ring C-C distance in the tfd ligand that is -coordinated to cobalt (C1-C2) is much longer, at 1.439 (6) Å , but this elongation is expected as an effect of -coordination to cobalt (Co2). At this point it makes sense to discuss the way in which the Mo(tfd) 2 (bdt) substructure coordinates to the three cobalt dicarbonyl fragments. Co1 is coordinated by two sulfurs from different dithiolenes (bdt and tfd) at bond lengths of 2.225 (1) Å (Co1-S1) and 2.241 (1) Å (Co1-S2), respectively. The C 2 S 2 environment of Co1 is nearly tetrahedral, with very slight distortions. The S1-Co1-S2 angle is slightly wide, at 115.44 (5) , the C9-Co1-C10 angle is slightly narrow, at 98.4 (3) . Co2, in contrast, is coordinated by one sulfur from one tfd and two olefinic carbons from another tfd, where bond lengths are 2.256 (1) Å (Co2-S3), 2.010 (4) Å (Co2-C1), and 1.970 (4) (Co2-C2). The coordination geometry of Co2 (not including Mo1 here) is, again, approximately tetrahedral, where the largest deviation from tetrahedral geometry are C11-Co2-C12, at 96.3 (2) and the comparably wide 'bite' of the chelating substructure, with Ct1-Co2-S3 measuring 119.7
, where Ct1 is the mid-point between C11 and C12. Another sulfur atom, S4, is relatively close to Co2, but the interatomic distance, at 2.767 (1) Å , is considerably longer than the Co2-S3 bond, such that S4 is almost certainly not bonded. Finally, Co3 is coordinated by one sulfur from bdt and two sulfurs from tfd, at distances of 2.234 (1) Å (Co3-S4), 2.239 (1) Å (Co3-S5), and 2.275 (1) Å (Co3-S6). Co3 is surrounded by these three sulfurs and two carbons in an approximately trigonal-bipyramidal fashion. C14 and S4 occupy axial positions, with the C14-Co3-S4 angle being 174.3 (2)
. The three angles in the trigonal plane are 115.38 (4) (S5-Co3-S6), 118.6 (2) (S5-Co3-C13), and 124.0 (2) (S6-Co3-C13). While there is no doubt that the three cobalt atoms are bound by the heteroatoms (sulfur, carbon) of the Mo(tfd) 2 (bdt) structure, each of the three cobalt atoms is also close to the central molybdenum, and these metal-metal contacts could possibly be bonding as well. The relevant distances are 2.7224 (7) Å (Co1-Mo1), 2.8058 (7) Å (Co2-Mo1), and 2.6320 (6) Å (Co3-Mo1). Such Mo-Co distances are typically considered of a range compatible with Mo-Co bonds (Chen et al., 2007; Curtis et al., 1997; Murata et al., 2006; Muratsugu et al., 2011) .
Supramolecular features
Molecules of Mo(tfd) 2 (bdt)(Co(CO) 2 ) 3 pack, without any solvent in the crystal, via contacting van der Waals surfaces. The packing pattern is shown in Fig. 2 . Hydrogen atom H17A forms close intermolecular contacts to an oxygen atom from a neighboring carbonyl and to a fluorine atom of the major disorder component (F11), as well as to a fluorine atom of the minor disorder component (F10A). Details can be found in Table 1 .
Database survey
The Cambridge Crystallographic Database (version 5.40, including updates up to May 2019; Groom et al., 2016) was searched. The search was performed as a substructure search containing the most general dithiolene S-C-C-S substructure (with any kind of bond allowed in the chain), plus a molybdenum and a cobalt atom. Since no specific requirement was imposed with regard to whether or in which way cobalt or molybdenum are bonded to the S-C-C-S structure, hits that do not contain a molybdenum dithiolene complex coordinated to cobalt where manually removed as follows. Seven hits were retrieved: EYUHIQ, JOQWIV, JOQWIV01, SEVMIQ, SEVMOW, TASDAT, OQAMEZ. Out of these, TASDAT and OQAMEZ are not relevant here, since they do not contain a molybdenum dithiolene unit that is directly bonded to cobalt. They contain, respectively, a cobalt-based counter-cation for an anionic molybdenum complex and a nickel bis(dithiolene) anion as a counter-anion for a molybdenum/cobalt sulfido cluster. The structures EYUHIQ, JOQWIV, JOQWIV01, SEVMIQ and SEVMOW are relevant, since they contain at least one molybdenum dithiolene unit that is directly bonded to cobalt. These structures are all discussed above in the Chemical context (Nihei et al., 1999; Murata et al., 2006; Muratsugu et al., 2011; Chen et al., 2007) .
Synthesis and crystallization
Mo(tfd) 2 (bdt)(Co(CO) 2 ) 3 was prepared from Mo(tfd) 2 (bdt) (Harrison et al., 2007) and dicobaltoctacarbonyl (obtained from Sigma-Aldrich) as summarized in the Scheme, using airfree conditions and rigorously dried solvents. 48 mg of Mo(tfd) 2 (bdt) (0.0697 mmol) were dissolved in 18 mL of hexane (dried over Na/benzophenone). 60 mg (0.175 mmol) of (Co) 2 (CO) 8 dissolved in 2 mL of hexane were added and the mixture was shaken. The mixture was stored overnight at 243 K in the freezer of a nitrogen-filled glovebox. The supernatant was decanted off, and the black crystals of Mo(tfd) 2 (bdt)(Co(CO) 2 ) 3 were washed twice with 5 mL of cold hexane. Total yield 27 mg (0.026 mmol, 37%). Analysis calculated for Mo 1 S 6 C 20 H 4 F 12 Co 3 O 6 : C, 23.25; H, 0.39; O, 9.29; S, 18.62. Found: C, 23.70; H, 0.44; O, 9.70; S, 18.80. 1 H NMR (400 MHz, C 6 D 6 ): 6.38 (m), 7.02 (m). The compound is paramagnetic. An estimate of the magnetic moment in solution (Evans method) yielded ca 0.9 BM, consistent with one unpaired electron. An EPR spectrum was also obtained, shown in Fig. 3 . Table 1 Hydrogen-bond geometry (Å , ). Figure 3
X-band EPR spectrum of Mo(tfd) 2 (bdt)(Co(CO) 2 ) 3 in hexane at 298 K; g = 2.010.
Figure 2
Packing of molecules of Mo(tfd) 2 (bdt)(Co(CO) 2 ) 3 , viewed along the b axis.
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 2 . H atoms were placed in calculated positions and included in a riding-motion approximation with U iso (H) = 1.2U eq (C). The F atoms of the -CF 3 groups containing C7 and C8 were refined as disordered over two sets of sites with ratios of refined occupancies of 0.703 (7):0.297 (7) and 0.72 (2):0.28 (2), respectively.
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